Although minimally invasive techniques for living donor hepatectomy have been developed, the surgical feasibility and limitations remain to be elucidated. The risks and outcomes involved need to be better understood prior to their widespread application. The aim of this study was to assess feasibility of minimally invasive donor hepatectomy by reviewing our experience. A total of 99 living donor liver transplantations performed between 2000 and 2016 were retrospectively reviewed. All 99 living liver donors underwent right hepatectomy. The breakdown of the techniques is as follows: the standard technique in 33 patients; the laparoscopic-assisted minilaparotomy technique (hybrid technique group) in 19 patients; and the upper midline incision technique without laparoscopic assistance (minilaparotomy group) in 47 patients. An association between donor operative outcomes and body habitus, such as body mass index (BMI), abdominal truncal depth (approximated by celiac axis [CA] depth ratio), and umbilical circumference (UC) were assessed. Perioperative factors were compared between the standard technique and the minimally invasive technique. The minilaparotomy group had significantly shorter operative time (P 5 0.046) and hospital stay (P 5 0.005) than the standard technique group. Postoperative complication rates were similar between the 3 groups (P 5 0.16). In the minilaparotomy group, greater BMI (P 5 0.02), CA depth ratio (P 5 0.04), and UC (P 5 0.004) were found to be risk factors for postoperative complications. In the minilaparotomy group, CA depth ratio > 0.41, UC > 90 cm, and BMI > 30 kg/m 2 were significantly associated with longer operative time and hospital stay. In the standard technique group, none of the body size factors were associated with postoperative outcomes. In conclusion, the minilaparotomy technique is safe and feasible, though technical difficulties may be encountered when performed on donors with larger body habitus. Ongoing efforts are required to ensure living donor safety.
centers that are shifting from the standard open to minimally invasive techniques. (7) (8) (9) We performed our first LDLT in 2000 and have adopted over the years 3 different techniques: 1 standard and 2 minimally invasive techniques (minilaparotomy technique with or without laparoscopic assistance). Our initial experience with these minimally invasive living donor hepatectomy procedures has been reported previously. (10) Currently, we preferentially use the minilaparotomy technique without laparoscopic assistance. Benefits of this strategy include the following: cosmetically excellent results with a single midline incision (measuring 10 cm) without the need for multiple port sites, an incision well positioned for liver lobe extraction, open access for ease of utilization of ultrasound guidance, and surgeon comfort in having an open incision. We have gained knowledge and modified our surgical approach over the past few years. The aim of this study was to review our updated experience and to assess validity and feasibility of the minimally invasive donor hepatectomy, specifically for the minilaparotomy technique without laparoscopic assistance with a focus on the impact of body habitus.
Patients and Methods

STUDY POPULATION
The medical records of 99 LDLTs performed between December 2000 and October 2016 were retrospectively reviewed. All 99 living liver donors underwent right hepatectomy. This study was performed after approval by the institutional review board at Henry Ford Hospital (institutional review board number 11070).
PRETRANSPLANT DONOR SELECTION AND EVALUATION
Living liver donor candidates were evaluated in a similar fashion as described previously. (10) Hepatic steatosis, donor vascular anatomy, right liver, and remnant liver volume were also evaluated for all donors. We performed a donor liver biopsy for those with elevated liver enzymes, suspected hepatic steatosis noted on imaging, and more recently for body mass index (BMI) > 30 kg/m 2 . Steatosis 10% was deemed acceptable for donation. Liver anatomy and volume were evaluated with magnetic resonance imaging and computed tomography (CT) with 3-dimensional reconstructions. Images were enhanced with a MeVis analysis and 3-dimensional renderings (MeVis Distant Services, Bremen, Germany). We set the acceptable liver remnant at 35% or more of the total liver volume, and a donor/recipient graft weight ratio of 0.8% was considered optimal.
SURGICAL TECHNIQUES OF LDRH
Three different LDRH procedures were used during different eras. Right subcostal incision with a midline extension was used between December 2000 and May 2008. In June 2008, minimally invasive approaches were introduced. Initially, we used a hybrid technique that incorporated hand-assisted laparoscopic mobilization of the right hepatic lobe and a minilaparotomy incision for hilar dissection and liver parenchymal transection. In August 2010, LDRH through a single 10-cm upper midline incision without laparoscopic assistance was adopted. From August 2011 onward, usage of the hybrid technique was abandoned in favor of the 10-cm upper midline incision technique without laparoscopic assistance.
SURGICAL APPROACHES AND CURRENT MINILAPAROTOMY TECHNIQUE
The technique of minilaparotomy has been described in our previous report. (10) The surgical approach consists of the following steps: mobilization of the right hepatic lobe through a 10-cm upper midline incision; hilum dissection; parenchymal dissection; and graft extraction. Briefly, surgical tips in each step are as follows.
1. Mobilization of the right hepatic lobe through a 10-cm upper midline incision: A 10-cm upper midline incision is made beginning at the xiphoid. The surgeon stands on the patient's left side because it is favorable for liver mobilization and visualization. The role of a qualified assistant on the right side is critical because it involves initial manual retraction of the body wall and assistance with exposure. The dissection of the ligaments is performed with cautery or scissors under direct visualization. The space between the right and middle hepatic veins is separated and the right hepatic vein is encircled with an umbilical tape. 2. Hilum dissection: The right hepatic artery is dissected atraumatically to avoid spasms, injected with papaverine, but is not encircled. The confluence of the hepatic ducts at the hilar plate is then identified. The dimple between the right and left bile ducts is detected with gentle, blunt dissection. Care is made to avoid any dissection of the hepatic ducts. Anatomy is then cross-referenced with imaging and the MeVis reconstructions. On occasion, intraoperative fluoroscopic cholangiography is used to better define the hepatic duct bifurcation. 3. Parenchymal dissection: At the hilum, the parenchymal resection line is fashioned to align with the right hepatic duct transaction within the hilar plate with preservation of the periductal blood supply and parenchyma. Parenchyma transection is performed with the Gyrus Plasma-Kinetic coagulator (Olympus Corp., Tokyo, Japan) and the ERBE Helix HydroJet (ERBE USA, Inc., Marietta, GA). The hanging umbilical tape is placed under tension, elevating the resection plane into the operative field. Dissection of pericholedochal tissue is minimized, and the right hepatic duct is divided sharply with a blade along with the hilar plate. The right hepatic artery is clamped and divided with scissors. The right portal vein is controlled with the Endo TA stapler (Covidien) and divided distally. The right hepatic vein is then divided with a vascular stapler. 4. Graft extraction: After confirming that the right lobe graft is completely free of surrounding tissue, the inferior tip is held with surgical gauze to procure the graft.
COMPARISON OF PERIOPERATIVE FACTORS AMONG DIFFERENT SURGICAL TECHNIQUES
Patient characteristics and perioperative factors for donors and recipients were compared for the following 3 groups:
1. LDRH with a subcostal incision and a midline extension (the standard technique). 2. LDRH through a 10-cm upper midline incision with laparoscopic assistance (the hybrid technique). 3. LDRH through a 10-cm upper midline incision without laparoscopic assistance (the minilaparotomy technique).
Donor characteristics included age, sex, body weight, height, BMI, and graft weight. Perioperative characteristics included operative time, estimated blood loss, liver function test results, and postoperative morbidity. Liver function tests were performed daily during hospitalization and included total bilirubin, aspartate aminotransferase (AST), and alanine aminotransferase (ALT) levels. Lengths of hospital stay, complications, and readmission rates were compared. Donor complications were graded according to the modified Clavien-Dindo classification. (11) Additionally, standard and minilaparotomy techniques were analyzed for complications to identify a learning curve by dividing the patients equally into 2 periods based on experience. In the standard technique, early period included the first 17 donors and late period included the last 16 donors. In the minilaparotomy group, early period included the first 24 donors and late period included the last 23 donors.
OBJECTIVE MEASUREMENTS OF ABDOMINAL SHAPE
We explored for any association between donor body habitus and perioperative factors and outcomes. Body size and shape were measured by using parameters derived from abdomen CT scans. The distance between the anterior abdominal skin and the root of celiac artery was defined as celiac artery distance (CAD). (12, 13) The distance of a horizontal plane at a right angle to CAD was defined as celiac artery transverse distance (CATD). CAD and CATD were measured at the level of the celiac artery root from the aorta (Fig. 1A) . We then calculated the celiac axis (CA) depth ratio (CAD/CATD) to better characterize body shape morphologically. The maximum straight distance at the umbilicus, between the anterior abdominal skin and the back skin, was defined as umbilicusanteroposterior distance (U-APD). (12) The maximum horizontal distance of a plane at a right angle to the U-APD line was defined as umbilicus-transverse distance (U-TD; Fig. 1B 
Results
COMPARISONS OF DONOR CHARACTERISTICS AND OPERATIVE FACTORS IN DONOR HEPATECTOMIES
Standard right hepatectomy was performed in 33 patients. The hybrid technique, which was introduced in June 2008, was used in 19 patients. Since 2010, an upper midline incision (10 cm) without laparoscopic assistance was adopted, and this technique has been used since in all of our subsequent donors (n 5 47). There were no instances of a conversion to a full subcostal incision from the hybrid or midline mini-incision techniques. Table 1 compares donor characteristics and perioperative factors between the 3 surgical techniques. The minilaparotomy group had younger donors compared with the other 2 groups (P 5 0.01). Donor sex (P 5 0.22) and remnant liver weight ratio (P 5 0.31) were similar. On analyzing outcomes, operative time (P 5 0.03) was significantly lower in the minilaparotomy group. Postoperative liver function and readmission rate were similar in all the groups.
Standard Technique Versus Minilaparotomy Technique
On comparing the standard technique group with the minilaparotomy technique group, age (P 5 0.004), BMI (P < 0.001), UC (P 5 0.04), and graft weight (P < 0.001) were significantly lower in the minilaparotomy group. Minilaparotomy group had a shorter operative time (P 5 0.046). Hospital stay was also significantly shorter in the minilaparotomy technique group than in the standard technique group (P 5 0.005). Intraoperative blood loss (P 5 0.62), postoperative liver function (peak AST, P 5 0.93; peak ALT, P 5 0.17; peak total bilirubin, P 5 0.95), complications (P 5 0.67), and readmissions (P 5 0.69) were similar in both groups.
Hybrid Technique Versus Minilaparotomy Technique
Demographics of the hybrid technique and the minilaparotomy technique groups were similar other than BMI (P 5 0.03), which was significantly lower in the hybrid technique group. On comparing outcomes, operative time (P 5 0.02) was significantly shorter, whereas blood loss was significantly higher (P 5 0.002) in the minilaparotomy group. Other factors such as postoperative liver function (peak AST, P 5 0.54; peak ALT, P 5 0.84; peak total bilirubin, P 5 0.75), complications (P 5 0.09), hospital stay (P 5 0.23), and readmissions (P 5 0.34) were similar.
POSTOPERATIVE OUTCOMES AND RISK FACTORS FOR COMPLICATIONS IN LIVING LIVER DONORS
A total of 21 (21.2%) complications were identified in 99 donors ( Table 2 ). The overall complication rates were similar among these 3 groups (P 5 0.16). Two severe complications (grade IIIB) were observed in the standard and minilaparotomy groups each. In the standard group, 1 patient developed an incisional hernia which was repaired surgically, and 1 patient developed postoperative bleeding which required re-exploration.
In the minilaparotomy group, 1 patient developed postoperative bleeding which required relaparotomy, and 1 patient required video-assisted thoracoscopic surgery (VATS) for the management of loculated pleural effusion. Characteristics among those with and without complications were investigated. Overall, patients with complications had older age (P 5 0.01), larger graft weight (P 5 0.02), and longer operative time (P 5 0.001). Analyzing characteristics in the standard group alone, age (P 5 0.02) was the only factor found to be significantly different (Table 3 ). In the minilaparotomy group alone, patients with complications had larger BMI (P 5 0.006), higher CA depth ratio (P 5 0.03), larger UC (P < 0.001), larger graft weight (P 5 0.002), and longer operation time (P 5 0.045). Next, incidence of postoperative complication was compared between the standard group and minilaparotomy group with or without obesity (BMI >30 or 30 kg/m 2 ). Patients with obesity in the minilaparotomy group showed a significantly higher complication rate than those without obesity (36.4% versus 8.3%; P 5 0.04). Patients in the standard group showed a similar risk to obese patients in the minilaparotomy group (36.4% versus 21.2%; P 5 0.43).
No learning curve was identified in both techniques with regards to complications. Postoperative complication rates between early and late periods in the standard technique group were similar (P 5 1.00). In the minilaparotomy group, observations were similar with no differences between early and late groups (P 5 0.25).
Risk factor analysis for complications was performed by using a logistic regression model. In the entire cohort, age (odds ratio [OR], 1.07; 95% confidence interval [CI], 1.01-1.12; P 5 0.01), graft weight (OR, 1.00; 95% CI, 1.00-1.00; P 5 0.02), and operative time (OR, 1.02; 95% CI, 1.01-1.03; P 5 0.003) were found to be risk factors associated with complications on univariate analysis, whereas factors representing donor body habitus, such as BMI, CA depth ratio, and UC, were not associated with postoperative complications. In the standard group, age (P 5 0.04) alone was a significant factor (Table 4 ). There was no significant factor associated with postoperative complication in the hybrid group. In the minilaparotomy group alone, larger BMI (P 5 0.02), larger CA depth ratio (P 5 0.04), larger UC (P 5 0.004), and larger graft weight (P 5 0.009) were found to be significant risk factors for postoperative complications. Risk of complications was similar in early versus late periods in both standard and minilaparotomy techniques.
ASSOCIATIONS BETWEEN DONOR BODY SIZE AND OUTCOMES
Associations between donor body size and donor outcomes were evaluated by classifying donors as follows: The standard, hybrid, and minilaparotomy groups were evaluated separately (Table 5) . Donors with deep truncal cavities (CA depth ratio > 0.41) had longer hospital stay in the minilaparotomy group (P 5 0.003), but not in the standard or hybrid group. CA depth ratio > 0.37 was associated with the higher incidence rate of postoperative complications in the minilaparotomy group (P 5 0.04), but not in the standard or hybrid group. Next, an association between UC and perioperative factors was assessed. In the minilaparotomy group, donors with large UC (>90 cm) had a significantly longer operative time (P 5 0.04), longer hospital stay (P 5 0.01), and higher complication rate (P < 0.001) in the minilaparotomy group. There was no such association in the standard technique or hybrid group. Similarly, BMI > 30 kg/m 2 was significantly associated with longer operative time (P 5 0.02), longer hospital stay (P 5 0.05), and higher complication rate (P 5 0.04) in the minilaparotomy group, whereas there was no association in the standard technique or hybrid group. Table 6 shows recipient characteristics and complications possibly related to donor surgery (eg, biliary complications, hepatic vessel complications, and subhepatic infected fluid collections). The standard and minimally invasive technique groups were similar with respect to the recipient age (P 5 0.94) and sex (P 5 0.70). Model for End-Stage Liver Disease (MELD) score was significantly higher in those with the minilaparotomy technique compared with the other 2 groups (P 5 0.03). Incidence rates of biliary anastomotic stricture or bile leak were similar among the 3 groups (P 5 0.09 and 0.18, respectively). Overall graft (P 5 0.06) and patient survival rates (P > 0.99) among the 3 groups were similar.
RECIPIENT CHARACTERISTICS AND OUTCOMES
Discussion
Various techniques of minimally invasive living donor hepatectomy are reported and used in experienced LDLT centers.
(5-9,16) For the last 8 years, we have preferentially used the "minilaparotomy technique without laparoscopic assistance" for LDRH. We started our minimally invasive donor hepatectomy with the hybrid technique. After gaining expertise, we learned how to accomplish the right hepatectomy through a mini-incision without laparoscopic assistance. In this study, we reviewed our LDLT 
Application of this technique to donors with a large body habitus might be met with skepticism by surgeons. We analyzed an association between donor body size and intraoperative and postoperative factors, ). The largest CA depth ratio and UC were 0.48 and 104.9 cm, respectively. Practically, the minilaparotomy technique can be done for most living liver donors even with large body habitus, and we will continue to choose this minilaparotomy technique for all living liver donors. The midline incision can be further extended if additional exposure is needed for a safer conduct of the operation. However, we emphasize that the surgery team needs sufficient experience with minilaparotomy liver resections as well as living donor hepatectomy before considering this minilaparotomy approach for living donor hepatectomy. We recommend that the indication for this procedure should be limited to donors with relatively small-to-moderate body size until experience and expertise are gained. We agree with the recommendation by the Korean group who has suggested gaining experience with the mini-incision technique through application to nonliving donor resections, and if possible in patients with BMIs <25 kg/m 2 , before applying this technique in LDRH. (7) We emphasize that the surgery team needs sufficient experience with minilaparotomy liver resections as well as living donor hepatectomy before considering this minilaparotomy approach for living donor hepatectomy.
Donor morbidity after liver donation has been extensively studied. (17) (19) In our study, obese donors (BMI > 30 kg/ m 2 ) had significantly longer hospital stay and intraoperative blood loss compared with nonobese donors (BMI 30 kg/m 2 ) in the minilaparotomy group. Larger UC and deeper body truncal cavity were associated with higher complication rates and longer hospital stay, but further investigations are warranted to determine cutoff levels for better prediction. Because increased body size was not associated with increased postoperative complications, prolonged operation time, or larger blood loss in the standard technique group, the association between body habitus and these perioperative factors and outcomes in the minilaparotomy group could be due to the increased difficulties in the mini-incision approach. As stated above, when comparing postoperative complications between patients in the standard group and those with BMI > 30 kg/m 2 in the minilaparotomy group, the risk of postoperative complication was similar. Although technically challenging, the minilaparotomy technique was feasible and provided satisfactory outcomes in patients with larger body habitus.
We described the details about our minilaparotomy technique in our previous report. (10) Here, we emphasize the technical considerations when performing this technique for larger donors.
1. Deeper abdominal cavity prohibits exposure and optimal visualization, and the role of the assistant is crucial. The assistant stands on the patient's right side and uses the manual retraction of the body wall, which can allow for flexibility in exposure of the field. 2. While dissecting the hepatic parenchyma, the hanging maneuver is indispensable to complete procedures through the 10-cm incision, which provides optimal visualization especially when dissecting deep sites, such as the areas around the segment 8 venous branch and the right inferior hepatic vein. In addition, we emphasize the importance of surgeons' familiarity with surgical devices and extra caution in dividing vessels and hepatic parenchyma especially in a deep truncal cavity. We recommend using a vascular stapler to divide these veins to prevent unexpected bleeding.
3. Larger body size donors have larger liver grafts. It should be noted that there were a few cases in which minor damage to the liver graft occurred when extracting them, such as capsule tears and/ or subcapsular hematoma. On the basis of our experience, these damages occurred when adjacent tissue of the liver graft were still attached to the peritoneum. It is key to confirm that the right liver graft is completely free, especially in donors with a larger body size, because of limited visualization in these cases. We did not have to extend the incision in any of these cases.
The recipient outcomes were not jeopardized by implementing this minilaparotomy technique. We acknowledge that historical bias should be recognized. It is well-known that center experience plays significant roles in improving LDLT recipient outcomes, which is likely a contributor for the improved graft outcomes in the minilaparotomy technique group, as this was in the era with the most experience at our center. (20) However, it would be important to note that the minilaparotomy technique did not increase the rate of biliary complication. Maintaining ductal blood supply in the donor and recipient is critical. In the donor hepatectomy, we minimize dissection of pericholedochal tissue and sharply divide the right hepatic duct, which is described in many reports to secure vascularity of the bile duct edge. (7, 21, 22) This approach was applied from the beginning of our LDLT experience and in the minilaparotomy technique. Biliary anastomotic stricture and bile leak occurred in 30% and 20%, respectively, which were similar to those in other reports. (23) (24) (25) We believe that the minilaparotomy technique would not compromise vascularity of the bile duct edge or increase the risk of biliary complications.
The main advantages that the 10-cm minilaparotomy technique offers are as follows:
1. No need for the laparoscopic equipment and expertise hence the cost of surgery may be lower. 2. Direct visualization of the organs and hence easier handling of any intraoperative complications or difficulties.
Although the hybrid technique may provide better visualization while mobilizing the right liver lobe, we could successfully complete the mobilization through 10-cm upper midline incision without laparoscopic assistance in all 47 patients. The falciform and right triangular ligaments can be dissected with cautery or scissors under direct visualization by manually pushing the liver and retracting the abdominal wall. Therefore, LIVER TRANSPLANTATION, Vol. 24, No. 4, 2018 SAFWAN ET AL.
we suggest that laparoscopic assistance could be a backup plan to complete mobilization of the right liver without extending the incision. The 10-cm midline incision can be used to place a hand-port. Pure laparoscopic approach specifically for LDRH may need tremendous experience both in living donor hepatectomy and laparoscopic liver resection. (17, 26) We should carefully assess the surgical feasibility, limitations, and learning curve of the pure laparoscopic LDRH from the experience of the centers in which this technique has been already attempted. At this moment, this technique should be limited to very few centers which have extensive numbers and experience of LDLT and minimally invasive liver surgery.
In conclusion, the safety of our minilaparotomy technique without laparoscopic assistance was validated by our updated experience. When using this technique, surgeons should consider increased technical difficulty in donors with larger body size. The importance of donor safety cannot be emphasized enough in LDLT. All aspects of living donor care require the utmost attention to detail. Although we recommend that this technique should be performed in experienced LDLT centers, we have found that this minimally invasive technique allows a safe and feasible way to provide decreased recovery time. Ongoing efforts are required to ensure living donor safety and enhance patient satisfaction.
